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TH E E C O L O G I C A L  B A S I S  
OF C O E V O L U T I O N A R Y  H IST O R Y
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and Kevin P. Johnson
M acro ev o lu tio n a ry  p a tte rn s  a re  difficult to  in te rp re t b ecau se  th ey  
a re  th e  p ro d u c t o f a  tim e  scale so vast th a t d e te rm in is tic  a n d  ch an ce  even ts 
a re  h a rd  to  d istinguish . A lth o u g h  th e  m ac ro ev o lu tio n a ry  h is to ry  o f a  g roup  
can  b e  re c o n s tru c te d  fro m  e x ta n t species, d e te rm in in g  th e  eco log ical co n ­
te x t in  w hich  th a t g ro u p  ev o lv ed  is a  ta ll o rd er. E co logy  involves in te rac tio n s  
b e tw e e n  o rgan ism s a n d  b o th  th e  living a n d  non liv ing  co m p o n en ts  o f th e ir  
env ironm en ts . T h ese  in te rac tio n s  a re  im p o rta n t b ecau se  th ey  in fluence se ­
lection , d ispersal, d rift, an d  o th e r  m ic ro ev o lu tio n ary  p ro cesses  th a t  govern  
m a cro ev o lu tio n . S h o rt o f  in v en tin g  tim e trav e l, th e  b es t b e t fo r ob ta in in g  
d a ta  on  eco log ical h is to ry  has trad itio n a lly  b e e n  to  focus o n  g roups th a t 
h av e  an  u nusua lly  go o d  fossil reco rd . A  m o re  re c e n t ap p ro ach , how ever, 
is to  focus o n  g roups hav ing  a h is to ry  o f  p ro lo n g e d  co ev o lu tio n  th a t  yields 
co n g ru e n t phylogenies.
C o n g ru en t p h y lo g en ies  a re  p ro d u c e d  by re p e a te d  b o u ts  o f  p a ra lle l spe- 
c ia tio n  in  u n re la te d  lineages. I f  every  sp ec ia tio n  ev e n t in  on e  g ro u p  is ac ­
co m p an ied  by  a “ co sp ec ia tio n ” ev e n t in  th e  o th e r  g roup , a n d  if no  species 
a re  lost fro m  th e ir  o rig ina l associa tions, th e n  p hy logen ies  will b e  co m ­
p le te ly  co n g ru e n t (a lth o u g h  b ran c h  len g th s m ay d iffe r). In  reality , h o w ­
ever, p hy logen ies  se ldom  show  ab so lu te  cong ruence . G en e ra lly  speaking , 
th e  d eg re e  o f co n g ru en ce  is co rre la te d  w ith  th e  eco log ical in tim acy  o f  th e  
groups, w hose in te rac tio n s  vary  fro m  o b lig a te  asso c ia tio n  to  o p p o rtu n is ­
tic en co u n te rs . O n e  en d  o f th e  sp e c tru m  is re p re se n te d  by m ito ch o n d ria , 
ch lo rop lasts , an d  o th e r  eu k a ry o tic  o rg an e lles  evo lved  fro m  free-liv ing  
p ro k a ry o tic  an ces to rs . T h e  o th e r  en d  o f  th e  sp e c tru m  consists o f  fa r less 
in tim a te  in te rac tio n s, such  as th o se  b e tw e e n  g en e ra lis t h e rb iv o res  a n d  th e ir  
h o s t p lan ts. M o st in te rac tio n s  lie b e tw e en  th e se  tw o ex trem es.
In fe re n ce s  a b o u t th e  eco log ical h is to ry  o f  in te rac tin g  g ro u p s a re  p e rh a p s  
easiest w h en  th e  e n v iro n m en t o f  o n e  species is d e lin e a te d  com ple te ly  by
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th e  m em b ers  o f a n o th e r  species, as in  th e  case o f “p e rm a n e n t” parasites. 
F o r such parasite s, w hich  ca rry  o u t th e ir  e n tire  life cycle o n  th e  b ody  of 
th e  host, th e  b ran c h in g  p a t te rn  o f th e  h o s t phy logeny  p ro v id es a d e ta iled  
re c o rd  o f v icariance ev en ts  th a t m ay  in fluence th e  parasites. The h o st p h y ­
logeny  also can  be  used  to  d raw  in fe ren ces a b o u t th e  h a b ita t p a ra m e te rs  
o f ances tra l parasite s. F o r exam ple , es tim a tin g  th e  body  size o f an  an ces­
tra l h o s t is ta n ta m o u n t to  know ing  th e  size of th e  re so u rce  b ase  ava ilab le  
to  its parasites. U n fo rtu n a te ly , it is n o t usually  possib le, ev en  in  cases of 
ex tensive  co ng ruence , to  re c o n s tru c t specific eco log ical p rocesses, such  as 
d em o g rap h ic  fluctuations, o r co m p etitiv e  in te rac tio n s. O n  th e  o th e r  h an d , 
p rocesses  g en e ra tin g  co n g ru en ce  can  b e  illu m in a ted  to  som e e x ten t by 
ex tra p o la tin g  back w ard s fro m  d a ta  on  m o d e rn  eco log ical p a ram ete rs . In  
th is c h a p te r  w e ad o p t such a  rev e rse  en g in ee rin g  ap p ro ach , using in fo r­
m a tio n  a b o u t th e  ecology o f e x tan t species to  exp la in  d iffe rences in  th e  
d eg ree  o f p h y lo g en e tic  co n g ru en ce  am o n g  re la te d  h o st-p a ra s ite  system s. 
A lth o u g h  w e have ch o sen  to  focus on  h o st-p a ra s ite  in te rac tions, w e m ake  
an  e ffo rt to  ad d ress  issues th a t are  app licab le  to  coevolv ing  system s in 
g eneral.
T he eco log ical basis o f co ev o lu tio n ary  h is to ry  can  b e  ex p lo red  by  co m ­
p arin g  in te rac tio n s  th a t vary  in  th e ir  d eg re e  o f p h y lo g en etic  congruence. 
U n fo rtu n a te ly , a d e q u a te  co m p ara tiv e  eco log ical d a ta  a re  n o t ava ilab le fo r 
m any  o f th e  system s th a t have  b e e n  su b je c ted  to  co p h y lo g en e tic  analysis. 
A  fo rtu n a te  ex cep tio n  is p ro v id ed  by p ara s itic  lice (Insecta : P h th ira p te ra ) , 
w hich  occur o n  b ird s  an d  m am m als. F or a few  g en e ra  o f lice, en o u g h  d a ta  
a re  now  ava ilab le  to  begin  exp lo ring  th e  re la tio n sh ip  b e tw e en  ecology and  
congruence. M ak ing  co m p ariso n s am ong  tax a  o f lice helps en su re  aga inst 
spu rio u s conclusions d raw n  from  co m p ariso n s o f d istan tly  re la te d  tax a  th a t 
m ay  hav e  evo lved  in en tire ly  d iffe ren t en v iro n m en ta l contexts.
P h y lo g en e tic  co n g ru cn ce  is g o v ern ed  by several k inds o f m a c ro ev o lu ­
tio n a ry  events, w hich w e rev iew  below . W e th e n  co n sid er th e  im pact of 
v arious eco log ical fac to rs  on th e  re la tiv e  freq u en cy  o f th ese  m a c ro ev o ­
lu tio n ary  events. W e conc lude  th e  c h a p te r  by co m p arin g  the  ecology o f 
fo u r g en e ra  o f lice th a t hav e  h is to ries  rang ing  from  ex tensive  phy logenetic  
co n g ru en ce  w ith  th e ir  hosts, to  a co m p le te  lack  o f congruence.
Macroevolutionary Events governing Phylogenetic Congruence
P h y lo g en e tic  co n g ru en ce  is a h isto rical p a t te rn  p ro d u c e d  by re p e a te d  b o u ts  
of cospeciation. C o sp ecia tio n  is a p rocess  in w hich sp ec ia tio n  in  o n e  lineage  
is acco m p an ied  by spec ia tion  in an associa ted , b u t u n re la te d  lineage 
(fig. 13.1a). A ll else being  eq u a l, phy lo g en ies  co n ta in in g  a high p ro p o rtio n
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Host switching (with extinction)
Host switching (with speciation)
Host switching
(with speciation and extinction)
F ig u r e  13. i . Macroevolutionary events that influence phylogenetic congruence. Gray 
lines represent hosts; black lines represent parasites. Black stippling represents gene 
flow between parasite populations. See text for discussion.
o f co sp ec ia ted  n o d es will show  m o re  co n g ru en ce  th an  th o se  co n ta in in g  a 
low  p ro p o rtio n . H o w ev er, th e  am o u n t o f cosp ec ia tio n  ca n n o t be in fe rred  
d irec tly  from  th e  am o u n t o f  co n g ru en ce  b e tw een  tw o phy logen ies because 
it is possib le  fo r “fa lse ” co n g ru en ce  to  b e  g e n e ra te d  by p rocesses o th e r  
th an  cospec ia tion , such as ex tinc tion . M o reo v e r, in co n g ru en ce  b e tw een  
phy logen ies does n o t necessarily  m ean  th a t th e re  has b ee n  no  co sp ec ia­
tion . A s o u tlin ed  below , o th e r  m a cro ev o lu tio n ary  even ts can  red u ce  co n ­
g ru en ce  b e tw e en  lineages th a t have u n d e rg o n e  a co n s id erab le  am o u n t of 
cospec ia tion .
A sid e  fro m  cosp ec ia tio n  (fig. 13.1a), all th e  even ts d ep ic ted  in figure 
13.1 b—i effectively  red u c e  cong ruence. F o r exam ple , if a rep ro d u c tiv e  b a r­
r ie r  affects a h ost lineage, b u t n o t its p ara site , th e  p a ra s ite  will fa il to speciate, 
th e re b y  red u c in g  co n g ru en ce  (fig. 13.1b). C onversely , rep ro d u c tiv e  b a r­
riers th a t affect only  th e  p a ra s ite  lin eag e  p ro m o te  p a ra s ite  duplication  
(fig. 13.1c), w hich also  red u ces cong ruence . C o n g ru en ce  is fu r th e r  red u ced  
w hen  p ara s ite s  a re  lost fro m  a ho st lineage, e i th e r  th ro u g h  p ara s ite  
extinction  (fig. 13.Id ) ,  o r  by “m issing the boat,” w hich occurs w hen  p a r­
asites fail to  d isp e rse  o n to  on e  o f  tw o new  ho st c lades (fig. 13.le ) .
T H E  E C O L O G I C A L  B A S I S  O F  C O E V O L U T I O N A R Y  H I S T O R Y 313
T h e final m a c ro ev o lu tio n a ry  ev e n t g ov ern in g  co n g ru en ce  is host switch­
ing, in w hich p ara s ite s  co lon ize  a “ fo re ig n ” h o st species on  w hich they  did 
n o t p rev iously  occur. H o s t sw itch ing  involves an  in itial expansion  o f the 
p a ra s ite ’s h o s t ran g e  (fig. 13.If) . T his ex p an sio n  is n o t a host sw itch, in and  
of itself, b ecau se  th e  p a ra s ite  persis ts  on  th e  o rig ina l host. T h e  h o st sw itch 
is co m p le ted  by ex tin c tio n  o f th e  p a ra s ite  on  the  orig inal host (fig. 13.lg ) ,  
sp ec ia tio n  o f  th e  p a ra s ite  on  the  new  ho st (fig. 13.lh ) ,  o r by co n cu rren t 
ex tinc tion  an d  sp ec ia tio n  (fig. 13.I i). I t  is n o t possib le, using phylogenies 
rec o n s tru c te d  from  e x ta n t species, to  d istinguish  sw itching w ith  ex tinction  
(fig. 13.lg )  from  sw itch ing  w ith  sp ec ia tio n  an d  ex tin c tio n  (fig. 13.I i). H o w ­
ever, in fo rm atio n  on  the  eco logy  o f th e  d e sce n d an t species can suggest the 
re la tiv e  lik e lih o o d  o f  the  tw o types o f  ho st sw itches. A  p ara site  w ith p o o r 
d ispersa l ab ility  is m o re  likely  to  sp ec ia te  a f te r  co lonizing a new  host, since 
th e re  will b e  little  o r  no  p a ra s ite  gene  flow b e tw e en  the  orig inal and  new  
ho st species. In  such cases, the  ho st sw itch is co m p le ted  hy the  specia tion  
ev en t, w hich m ay la te r  be fo llow ed  by ex tin c tio n  (fig. 13.Ii). In  co n trast, 
w hen  p a ra s ite  d isp ersa l is com m on , in co m p le te  ho st sw itching m ay be a 
f re q u e n t ev e n t (fig. 13.If).
Relationship of Ecological Factors to Macroevolutionary Events
E colog ica l fac to rs  can  have  a fu n d a m e n ta l im p act on  th e  p robab ility  o f host 
sw itch ing  an d  o th e r  m a c ro ev o lu tio n a ry  even ts govern ing  the cong ruence o f 
in te rac tin g  c lades (fig. 13.1). E co log ica l factors, w hich, by defin ition , affect 
th e  distribution  an d  abundance  o f  o rgan ism s (B eg o n  e t al., 1990), influence 
c o n g ru en ce  th ro u g h  th e ir  im p act on  the  host, the  p arasite , o r bo th . F or 
exam ple , any  fac to r  th a t causes a p a ra s ite  to  be patch ily  d is trib u ted  over 
th e  ran g e  o f  its ho st m ay inc rease  the  p ro b ab ility  o f p arasite  dup lica tion  
(fig. 13.1c). E co log ica l fac to rs  th a t affec t th e  a b u n d a n ce  o f the host an d /o r 
its p a ra s ite  can  also  have an  im p o rta n t influence. F or exam ple , s tochastic  
ex tin c tio n  is fa r m o re  likely in th e  case o f a p a ra s ite  th a t is typically fo u n d  
only  in sm all n u m b e rs  on  ho st individuals.
G en e ra lly  speak ing , the  d is trib u tio n s  o f host taxa have b een  reasonab ly  
w ell d o cu m en te d  (e.g., S ib ley  an d  M o n ro e , 1990; N elson, 1994; N ow ak, 
1999). In  co n tra s t, the  d is trib u tio n s  o f m ost p a ra s ite  taxa rem ain  poo rly  
know n  (B ro o k s an d  M cL en n an , 1993; C lay to n  an d  M oore, 1997). P a rasite s  
w ith  in d irec t life cycles a re  espec ia lly  p ro b lem atic  in this regard , since they  
involve on e  o r  m o re  in te rm e d ia te  ho st species, in ad d itio n  to  free  living 
stages an d  the  final host. D is tr ib u tio n s  o f p a ra s ite s  w ith  d irec t life cycles 
a re  m uch s im p ler to  cha rac te rize , being  tied  largely  to  the  d is trib u tio n  of 
a single host species. P e rm a n e n t parasite s, w hich com ple te  the ir en tire  life
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cycle o n  th e  b o d y  o f  th e  host, h av e  d is trib u tio n s  th a t a re  pa rticu la rly  easy  
to  characterize .
G iven  th e ir  close asso c ia tio n  w ith  th e  h o st, th e  a b u n d a n ce  o f p e rm a n e n t 
p a ra s ite s  a lso  can  b e  m e a su re d  accurately . T his is p articu la rly  tru e  fo r p e r­
m a n e n t ec toparasites, such as lice, w hich  can  ev en  b e  o b se rv e d  an d  co u n ted  
on  live h osts  (C lay to n  an d  D ro w n , 2001). T h ese  ad v an tag es m a k e  it possib le  
to  trac k  th e  d is tr ib u tio n  an d  a b u n d a n c e  o f  such p a ra s ite s  ov er th e  cou rse  
o f  lo n g itu d in a l studies. I t is a lso  p o ssib le  to  ad d  o r  rem o v e  th e  p a ras ite s  in 
co n tro lled  ex p e rim en ts  d es ig n ed  to  te s t th e  re la tiv e  im p o rta n ce  o f th e  ec o ­
log ical fac to rs  th o u g h t to  in fluence p h y lo g en e tic  co n g ru en ce  (see  below ).
I t  is d ifficult to  o v erem p h asize  th e  n e e d  fo r  rig o ro u s d a ta  o n  p a ra s ite  
ab u n d an ce . S am pling  e rro rs  can  c re a te  th e  false im p ressio n  o f  p a ra s ite -fre e  
h o st ind iv iduals, p o p u la tio n s, o r  species, lead in g  to  e rro n eo u s  conclusions 
a b o u t ex tin c tio n  o r  m issing th e  b o a t  (P a te rso n  an d  G ray, 1997). P a ras ite  
eco log ists n o rm ally  m e a su re  tw o m a in  c o m p o n en ts  o f p a ra s ite  ab u n d an ce : 
prevalence an d  intensity  (B u sh  e t al., 1997). P re v a le n ce  is th e  p e rc e n t of in ­
div iduals in  a h o s t p o p u la tio n  th a t ac tua lly  h av e  p arasites. In ten s ity  is th e  
n u m b e r  o f p a ra s ite s  o n  a p a ra s itiz ed  ind iv idual; m e a n  in ten sity  is th e  av e r­
age n u m b e r  o f p a ra s ite s  across all p a ra s itiz ed  individuals. A c c u ra te  m e a ­
su res  o f  p a ra s ite  p rev a len c e  an d  in ten s ity  re q u ire  sam pling  m e th o d s  th a t 
h av e  d e m o n s tra te d  efficacy. S uch m e th o d s  h av e  b ee n  te s te d  th o ro u g h ly  fo r 
lice (C lay to n  an d  D ro w n , 2001).
E co lo g ica l fac to rs  re le v a n t to  p h y lo g en e tic  co n g ru en ce  vary  in  b o th  
tim e an d  space. D a ta  from  lo n g -te rm  stud ies  a re  o ften  re q u ire d  to  d o c u ­
m e n t how  eco log ical fac to rs  vary  o v e r tim e. In  co n tra s t, sp a tia l v a ria tio n  
can  b e  re la tiv e ly  easy  to  d o cu m en t. H o w ev er, is im p o r ta n t to  recogn ize  th a t 
sp a tia l v a ria tio n  exists o n  a v arie ty  o f  scales, rang ing  fro m  v a ria tio n  am ong  
th e  m ic ro h ab ita ts  o n  a single h o st ind iv idual, to  v a ria tio n  am ong  h o st in d i­
viduals, p o p u la tio n s, an d  species (fig. 13.2). In  th e  n e x t section  w e consider 
th e  re lev an ce  o f  e ach  o f th e se  fo u r scales to  th e  m acro ev o lu tio n a ry  even ts 
th a t  g o v ern  p h y lo g en e tic  cong ruence.
Variation am ong M icrohabitats within a H ost Individual
D iffe re n t species o f p a ra s ite s  a p p e a r  to  p a rtitio n  m ic ro h ab ita ts  o n  in d i­
v id u a l hosts  (Poulin , 1998). F o r exam ple , species o f  h e lm in th  w orm s te n d  to  
b e  c o n c e n tra te d  in  d iffe ren t reg ions o f  th e  h o st in te s tin a l tra c t (S tock  an d  
H olm es, 1988). This p a t te rn  is co n s is ten t w ith  co m p etitiv e  d isp lacem en t 
ow ing  to  in terspec ific  co m p e titio n  fo r lim ited  resou rces, such  as food . Tf 
co m p etitiv e  d isp lacem en t is pervasive , it cou ld  in fluence th e  co m p o sitio n  
o f p a ra s ite  com m un ities, le ad in g  to  an ab sen ce  o f co n g en eric  species on
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F i g u r e  13.2 . Ecological factors that influence host-parasite congruence vary among 
(a) microhabitats within a host individual (e.g., body versus wing); (b) host individuals; 
(c) host populations; and (d) host species.
a single species o f ho st (e.g., B a rk e r  an d  C lose, 1990; see  also  chap. 8). 
C o m p etitiv e  d isp lacem en t m ay also  o p e ra te  b e tw e en  h ig h e r taxa. F or ex ­
am ple, since d ispers ing  to  dogs from  its o rig ina l ho st (a w allaby), th e  louse 
H eterodoxusspiniger a p p e a rs  to  h av e  d isp laced  th e  louse  Trichodectes canis 
from  m uch  o f its fo rm e r ra n g e  (B ark e r, 1994).
A lth o u g h  in trigu ing , such p a tte rn s  do  n o t c o n s titu te  ro b u s t ev id en ce  fo r 
co m p e titio n  (S im berloff, 1990; P ag e  e t al., 1996). R ig o ro u s te sts  o f co m p e­
titio n  re q u ire  an  e x p e rim en ta l ap p ro a ch  in  w hich th e  p o p u la tio n  resp o n se  
o f o n e  o r  m o re  species to  th e  rem o v a l o f a p o te n tia l co m p e tito r(s)  is c a re ­
fully m o n ito re d  (Poulin , 1998). F ig u re  13.3 sum m arizes th e  resu lts  o f such a 
te s t th a t w e recen tly  co n d u c te d  w ith  w ing lice (Colum bicola columbae) and 
body  lice (Campanulotes bidentatus com par) on  F era l P igeons (Colum ba  
livia). W ing lice spend  m ost o f th e ir  tim e o n  th e  h o s t’s w ing and  tail fea thers, 
w h ereas  body  lice res id e  p rim arily  o n  th e  ab d o m in a l fe a th e rs  (see  chap. 11). 
D e sp ite  th e se  m ic ro h ab ita t d iffe rences, b o th  species d ep e n d  o n  ab d o m i­
nal co n to u r  fea th e rs  fo r food  (N elson  an d  M urray , 1971). F igu re  13.3 show s 
th a t body  lice h av e  a n eg a tiv e  im p ac t on  th e  p o p u la tio n  g ro w th  o f w ing lice. 
A lth o u g h  th e  rea so n  fo r th is n eg a tiv e  im p act is u n k n o w n , it m ay have to  d o  
w ith  b e t te r  fo rag ing  ab ility  o n  th e  p a r t o f body  lice, assum ing  ab d o m in al 
fe a th e rs  a re  a lim iting  resource .










F i g u r e  13 .3 . Competitive interaction between wing lice and body lice on Feral Pigeons. 
Population growth of wing lice (a) was slower on birds also parasitized by body lice, 
than on birds only parasitized by wing lice (repeated-measures ANOVA, p = .02). In 
contrast, population growth of body lice (b) was similar with and without wing lice 
present (p =  .38). At the start of the experiment birds were “seeded” with identical 
numbers of lice, as follows: 16 pigeons were captured in Salt Lake City, Utah, then 
housed at low relative humidity (<30%) for 10 weeks, to exterminate their natural 
populations of lice and eggs (Moyer et al., 2002). The birds were then isolated in 
16 cages and assigned randomly to three “seeding” treatments: 100 wing lice, 100 body 
lice, or 50 wing and 50 body lice. The data for mixed spccics of lice (circles in panels a 
and b) are thus from the same individual birds (n =  6). The preening behavior of all 
birds was impaired with harmless plastic bits to facilitate increases in their lice 
(Clayton et al., 1999). Louse populations were monitored for approximately 10 months
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If  in te rspec ific  co m p etitio n  in fluences th e  s tru c tu re  of parasite  com m u­
n ities in genera l, th en  it is rea so n ab le  to  p red ic t th a t it could influence 
host sw itching in p a rticu la r  (B ark e r, 1994). F o r exam ple , successful h o st 
sw itches shou ld  be m o re  likely  in the  case o f p a ras ite s  d ispersing to hosts 
th a t have d e p a u p e ra te  p a ra s ite  com m unities, because  such hosts will re p ­
re se n t g re a te r  eco log ical o p p o rtu n ity , th a t is, m o re  u n tap p ed  resources. 
This p red ic tio n  could  be  tested  by co m p arin g  th e  survival and rep ro d u c­
tive success o f p a ra site s  ex p e rim en ta lly  tra n sfe rre d  to  foreign hosts w ith 
and w ith o u t o th e r  species o f p a ra site s  a lread y  p resen t. If interspecific com ­
p e titio n  red u ces th e  fitness o f p a ra s ite s  tran sfe rred  to  foreign  hosts, then  it 
c learly  has th e  p o te n tia l to  in fluence h o st sw itching.
T h e  direction  o f in te rspec ific  co m p e titio n  could  also influence host 
sw itching. A sy m m etric  co m p etitiv e  effects h av e  b een  docum ented  in a 
n u m b e r o f p a ra s ite  com m unities  (Poulin , 1998). F igure  13.3 provides an 
exam ple  o f asym m etric  co m p etitio n  in w hich w ing lice d o  w orse in the 
p resen ce  o f body  lice, w hile body  lice a re  un affec ted  by wing lice. T hese 
resu lts  p red ic t th a t it w ould  be  ea s ie r  fo r body  lice to  sw itch to foreign hosts 
a lread y  p a ra sitized  by wing lice, th a n  fo r w ing lice to  sw itch to hosts w ith 
body lice. B ody  lice a re  significantly  m o re  host specific th an  wing lice (John ­
son e t al., 2002), fu rth e r  suggesting  th a t host specific parasite s  m ay have a 
co m p etitiv e  ed g e  o v er generalists. D a ta  on th e  underly ing  causes of asym ­
m etric  co m p e titio n  a re  n ee d e d  to  begin  exp lo ring  this in trigu ing  possibility.
M ic ro h a b ita t d iversity  and  reso u rce  availab ility  m ay also influence 
p a ra s ite  d up lica tion . A  possib le exam ple  involves th e  hum an  body louse 
(Pediculus hum anus), w hich is th e  sis te r species o f the  hum an  head  louse 
(Pediculus capitis) (A m ev ig b e  e t al., 2000). T he tw o species are so sim ­
ilar th a t they  are  o ften  classified as subspecies ra th e r  than  full species 
(e.g., D u rd e n  an d  M usser, 1994). [C rab  lice, w hich are  confined to pubic 
hair, a re  m em b ers  o f a n o th e r  genus (P thiruspubis)). B ody  lice a ttach  the ir 
eggs to  clo th ing , w hile h ead  lice a ttach  th e ir  eggs to  hair. B ody  lice p ro b a ­
bly d iverged  from  h ead  lice co n c u rre n t w ith the  loss o f hair and  adop tion  
o f clo th ing  by hom in ids (B usvine, 1978). C lo th ing  m ay th e re fo re  have p ro ­
v ided a novel m ic ro h ab ita t th a t fac ilita ted  a d u p lica tio n  even t, in w hich the
F ig u r e  13.3 (continued) by periodically counting all lice on the underside of one wing, 
the tail, and lice observed during timed intervals on three additional body regions: 
back and keel (30 seconds each), and rump (60 seconds). The sum of lice on these five 
regions significantly predicts the total number of C. columbae (R2 = .66) and C. b. 
compar (R2 = .19) on feral pigeons (p < .0001 for both species; Clayton and Drown, 
2001).
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co m m o n  an c es to r o f  h e a d  a n d  b o d y  lice d iv e rg ed  th ro u g h  sp ecia tio n  on a 
single species o f  host. A lte rn a tiv e ly , h e a d  an d  bo d y  lice m ay  have spcci- 
a te d  a llopa trica lly  a n d  su b se q u en tly  com e in to  se co n d a ry  c o n tac t (B usvinc,
1978). U n d e r  e i th e r  scen ario  o f p a ra s ite  spec ia tion , th e  p ro b ab ility  o f d u ­
p lica tio n  m ay in c rease  w ith  th e  d iversity  o f  m ic ro h ab ita ts  ava ilab le  on  a 
g iven  host. This h y p o th esis  cou ld  b e  te s te d  by  co m p arin g  th e  n u m b e r  o f 
p o te n tia l m ic ro h ab ita ts  am ong  d iffe ren t h o sts  to  th e  n u m b e r  o f  congeneric  
p a ra s ite s  th ey  su p p o rt.
M ic ro h a b ita t sp ec ia liza tio n  co u ld  conceivab ly  also  inc rease  th e  p ro b ­
ab ility  o f p a ra s ite  ex tin c tio n , assum ing  th e  a b u n d a n ce  o f m ic ro h ab ita t 
specia lists is lo w er th a n  th a t o f m ic ro h a b ita t generalists. F or exam ple , ch im ­
pan zees  (Pan troglodytes) h av e  a single species o f lo u se  (Pediculus schaefft) 
(D u rd e n  an d  M usser, 1994) th a t p re su m a b ly  ro am s all o f  th e  h o s t’s body, 
g iven its c o n tin u o u s  d is trib u tio n  o f hair. I f  so, th e n  o n e  can  p red ic t th a t 
th e  m e a n  a b u n d a n ce  o f  th is  louse  w ill b e  g re a te r  th a n  th a t  o f  h u m a n  lice, 
all th re e  species o f  w hich  a re  m o re  re s tr ic te d  in  th e ir  m ic ro h ab ita t d is­
trib u tio n s  (see  ab o v e). T he ch im p  lo u se  m ay  th e re fo re  b e  less p ro n e  to  
ex tin c tio n  if it rea lly  is m o re  a b u n d a n t. O f  course , th is igno res d iffe rences 
in  h o s t bo d y  size, p o p u la tio n  size, an d  o th e r  fac to rs  th a t a re  a lread y  k n o w n  
to  in fluence p a ra s ite  ab u n d a n c e  (Poulin , 1998). T h e  im p ac t o f  m ic ro h ab i­
ta t specia lization  on  risk  o f ex tin c tio n  cou ld  b e  e x p lo re d  w ith  co m p ara tiv e  
ana lyses th a t co n tro l fo r  th e se  an d  o th e r  factors.
Variation among Individuals within a Host Population
P aras ite  ab u n d a n c e  varies  w ith in  h o s t p o p u la tio n s, ran g in g  fro m  heav ily  
p a ra s itiz ed  ind iv iduals  to  ind iv iduals hav ing  n o  p arasites. L ow  p arasite  
p rev a len c e  in c reases  th e  p ro b ab ility  th a t a p a ra s ite  will m iss th e  b o a t, since 
a d ispersing  fo u n d e r  p o p u la tio n  o f h o s ts  is m o re  likely  to  b e  co m p rised  
solely  o f ind iv iduals hav ing  n o  p a ra s ite s  (P a te rso n  e t al., 1999). V aria tion  
in  p a ra s ite  in ten sity — th e  n u m b e r  o f p a ra s ite  ind iv iduals o n  a ho st 
(see  ab o v e )— m ay  also  in fluence th e  p ro b ab ility  th a t  p a ra s ite s  will m iss the  
b o a t o r  go ex tin c t (R ozsa , 1993). A t  th e  very  least, p a ra s ite s  th a t a re  ra re  a re  
m o re  likely  to  m iss th e  b o a t o r  go ex tin c t th a n  th o se  th a t  a re  a b u n d a n t. In  
co n tra s t, p a ra s ite s  th a t  a re  a b u n d a n t m ig h t in c rease  th e  p ro b ab ility  o f  h o st 
sw itching, assum ing  th a t  d isp e rsa l is density  d e p e n d e n t, th a t  is, a ttem p ts  a t 
h o s t sw itch ing  will p resu m a b ly  b e  h ig h e r  w h en  p a ra s ite s  a re  d ispersing  a t 
a h ig h e r rate .
P a ras ite  ab u n d a n c e  is u sua lly  q u ite  v a riab le  ev en  in  p o p u la tio n s  th a t 
h av e  a high m e a n  p a ra s ite  in tensity . This is p a rticu la rly  th e  case fo r 
“m acro p arasite s ,” such as h e lm in th s  an d  a r th ro p o d s  (A n d e rso n  an d  May,
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1979). M a cro p aras ite s  te n d  to  c o n c e n tra te  on  a m in o rity  o f heav ily  in-* 
fe s te d  ind iv iduals, fo rm ing  an  ag g reg ated  d is trib u tio n  w ith  th e  p ro p e r ty  
th a t th e  varian ce  in  p a ra s ite  in ten sity  exceeds th e  m ean . P ro xim al reasons 
fo r ag g reg atio n  a re  u n c lea r, a lth o u g h  v a ria tio n  in  h o s t suscep tib ility  an d  the  
co n tag ious n a tu re  o f p a ra s ite  tran sm issio n  a re  p ro b ab ly  im p o rta n t fac to rs 
(H u d so n  an d  D o b so n , 1995).
A g g re g a tio n  shou ld  in c rease  th e  p ro b ab ility  o f p a ra s ite s  m issing the  
b oat. A  fo u n d e r  p o p u la tio n  d ispersing  fro m  a p a re n t p o p u la tio n  c o n ta in ­
ing ag g reg ated  p a ra s ite s  is m o re  likely  to  b e  p a ra s ite  fre e  th a n  o n e  d isp e rs­
ing  fro m  a p a re n t  p o p u la tio n  co n ta in in g  an  ev en  d is trib u tio n  o f parasites. 
A g g re g a tio n  could  also  in c rease  th e  p ro b ab ility  o f p a ra s ite  ex tin c tio n  if 
h eav ily  p a ra s itiz ed  ind iv iduals d ie  b e fo re  th e ir  p a ra s ite s  a re  tran sm itte d  to  
new  hosts. This is p ro b ab ly  n o t an  overly  likely  scenario , since p a ra s ite  v ir­
u len ce  is gen era lly  co rre la te d  w ith  th e  ease  o f tran sm issio n  (E w ald , 1994). 
P aras ite s  th a t  a re  tra n sm itte d  vertically  fro m  p a re n t to  offspring, such as 
fe a th e r  lice, a re  usually  fairly  ben ign , since th e ir  rep ro d u c tiv e  fitness is 
lin k ed  closely  w ith  th a t  o f th e  h o st (C lay to n  an d  T om pkins, 1994). M o re  
v iru len t p a ra s ite s  ten d  to  b e  tra n sm itte d  h o rizon tally , w hich p rev en ts  th em  
fro m  being  m a ro o n e d  on  a d ea d  o r dying h o s t (H e rre , 1993).
Variation among Host Populations
P aras ites  can  b e  ra re  o r  ab sen t fro m  som e h o st p o p u la tio n s, w hile  a b u n ­
d a n t o n  o thers. F o r exam ple , fe a th e r  lice h av e  a p a tch y  d is trib u tio n  in  w hich 
th ey  a re  a b u n d a n t o n  doves in  m any  a reas  o f th e  w orld , y e t v irtua lly  a b ­
se n t fro m  th e  sam e species o f doves in  a rid  reg ions (M o y er e t al., 2002). 
P a tch in ess  can  also  b e  g e n e ra te d  w hen  h o s t p o p u la tio n  size falls b e low  the  
m in im u m  th re sh o ld  re q u ire d  to  su p p o rt p a ra s ite s  (R ozsa , 1993). T hus, an 
a re a  o f low  h o s t d ensity  can  b e  a d isp e rsa l b a r r ie r  fo r p arasites, o r a sink 
th a t  lim its gene  flow b e tw e en  p a ra s ite  p o p u la tio n s  in  d iffe ren t p a r ts  o f th e  
h o s t’s g eo g rap h ic  range .
P a tch in ess  has  th e  p o te n tia l to  in fluence m a cro ev o lu tio n a ry  events. 
N es ted  w ith in  th e ir  h o s t lim its, p a ra s ite s  o ften  show  geograph ic  lim its to  
th e ir  d is trib u tio n  (see Clay, 1964 ,1972). T h ese  geo g rap h ic  lim its in c rease  
th e  lik e lih o o d  o f p a ra s ite s  m issing th e  b o a t, since p a ra s ite s  m ay be ab sen t 
fro m  hosts  invo lved  in  fo u n d e r  even ts (B ro w n  an d  W ilson, 1975). F o r exam ­
ple, 18 b ird  species w ere  h isto rically  in tro d u c e d  to  N ew  Z e a la n d  by hum ans. 
T he species r ichness o f lice on th e se  b ird s  in  N ew  Z e a la n d  is significantly 
lo w er th a n  th a t  on  th e  sam e b ird s  in  th e ir  n a tiv e  en v iro n m en ts  (P a te rso n  
e t al., 1999). T h e  fo u n d in g  p o p u la tio n s  o f m o st o f th e se  in tro d u c e d  b irds 
w ere  sm all— a few  ind iv iduals to  as m any  as 100 individuals. A lth o u g h
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sto ch astic  loss o f ec to p a ra s ite  species has u n d o u b te d ly  co n trib u te d  to  the  
low er species richness o f lice on  th ese  b irds, it is conceivab le  th a t som e o f 
th e  fo u n d e r hosts  cam e from  n a tiv e  p o p u la tio n s  th a t w ere  re la tive ly  free  
fro m  p a ra s ite s  in  th e  first place. G ap s  in  p a ra s ite  d is trib u tio n  m ay also  fa ­
c ilita te  p a ra s ite  d u p lica tio n  if little  o r n o  p a ra s ite  g en e  flow occurs across 
th e  gaps (Clay, 1949). In  sum m ary, v a ria tio n  in  th e  d is trib u tio n  o f p a ra s ite s  
am o n g  h o s t p o p u la tio n s  is a n o th e r  p o te n tia l fac to r  w ith  d irec t re lev an ce  
to  th e  m ac ro ev o lu tio n a ry  ev e n ts  th a t g o v ern  p h y lo g en e tic  congruence.
Variation among Host Species
T he d is trib u tio n  o f p a ra s ite s  am o n g  h o st species is, o f course , d irec tly  
re le v a n t to  p h y lo g en e tic  cong ruence. H o s t specificity is essen tia lly  an  index  
to  a p a ra s ite ’s d is trib u tio n  am o n g  h o st species. P a ras ite s  ran g e  from  highly 
specific, being  re s tr ic te d  to  a  single species o r  subspecies o f  host, to  g e n e ra l­
ists fo u n d  on  a v a rie ty  o f h o s t taxa . A lth o u g h  h o st specificity is a necessary  
co n d itio n  fo r p h y lo g en e tic  co n g ru en ce , it is by  n o  m ean s a sufficien t co n d i­
tion . Ju st b ecau se  a p a ra s ite  is cu rren tly  h o st specific d oes n o t m e a n  th a t  its 
an ces to rs  w ere  h o st specific, m u ch  less th a t  th e y  u n d e rw en t co sp ec ia tio n  
w ith  th e ir  hosts  (H o b e rg , 1992; H o b e rg  e t al., 1997). Specificity describ es  a 
p a t te rn  o f c u rre n t asso c ia tio n  th a t  m ay  o r m ay n o t reflec t m a cro ev o lu tio n ­
ary  h is to ry  o r  even  c u rre n t a d a p ta tio n  to  th e  host. S om e p a ra s ite s  m ay b e  
specific sim ply  b ec au se  th e y  a re  in cap ab le  o f d ispers ing  am ong  h o st taxa 
(T om pkins an d  C lay to n , 1999). O th e r  p a ra s ite s  m ay in d e e d  b e  a d a p te d  to  
a p a rticu la r  host. In  such  cases, specificity  can  b e  v iew ed  as a p h en o ty p ic  
tra it o f th e  p a ra s ite  th a t, assum ing  a h e r ita b le  c o m p o n en t, has th e  p o te n tia l 
to  evo lve ju s t like  any  o th e r  tra i t  (S e co rd  an d  K areiva , 1996).
H o s t specificity  is in te g ra l to  th re e  m a c ro ev o lu tio n a ry  even ts  in  ad d itio n  
to  cospec ia tion : fa ilu re  to  specia te , ex tin c tio n , a n d  h o s t sw itching. A ll th re e  
o f th ese  ev en ts  can  red u c e  h o s t-p a ra s ite  cong ruence. F a ilu re  to  specia te  
occurs w hen  gene flow  is m a in ta in ed  b e tw e en  p o p u la tio n s  o f p a ra s ite s  on  
h osts  th a t h av e  a lread y  u n d e rg o n e  sp ec ia tio n  (Jo h n so n  e t  al., in  review .b.).
H o s t specificity is a lso  re le v a n t to  ex tin c tio n , p a rticu la rly  in  th e  case of 
th e  co e x tin c tio n  o f p a ra s ite s  o n  h o sts  th a t  h av e  them se lves gone ex tinct 
(B ro o k s  an d  H o b erg , 2000). F o r exam ple , th e  lo u se  Colum bicola extinctus 
w as co n s id e red  ex tin c t b ecau se  it was assu m ed  to  b e  a h o st specific p a r ­
as ite  o f th e  ex tin c t P asse n g er P igeon  (Ectopistes migratorius) (S to rk  an d  
Lyal, 1993). H o w ev er, C lay to n  a n d  P rice  (1999) rec en tly  show ed  th a t th is 
species is synonym ous w ith  e x ta n t w ing lice o n  th e  B and-T a iled  P igeon  
(Columbicola fasciata), th u s  re su rre c tin g  the  species fro m  ex tin c tio n , so  to  
speak . T rue co e x tin c tio n  o f h o s t specific p a ra s ite s  w ith  th e ir  hosts  can  a lte r
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ph y lo g en e tic  cong ruence , d e p e n d in g  on how  d e le tio n  o f on e  (o r b o th )  o f 
th e  “m issing” clades a lte rs  rec o n stru c tio n  o f th e  re s t o f the  ph y lo g en etic  
tree (s ).
H o s t specificity  is, o f course , d irec tly  re le v a n t to  h o st sw itching, in  w hich 
a p a ra s ite  co lon izes a fo re ign  ho st on w hich it d id  n o t p rev iously  occur. S uc­
cessful co lon iza tion  o f a fo re ign  host req u ire s  th a t th e  p a ra s ite  disperse to  
th a t h o st, and  th en  establish a v iab le  b ree d in g  p o p u la tio n  on it. Inab ility  to  
d isperse , es tab lish , o r bo th  will p re v e n t a h o st sw itch from  tak ing  place. In  
cases o f in co m p le te  h o st sw itching (fig. 13.1f), th e  p a ra s ite  m ere ly  in c o rp o ­
ra te s  a new  h o st species, th e re b y  reduc ing  its h o s t specificity. If the  p a ra s ite  
sw itches to  a new  h o st w hile go ing  ex tin c t on  th e  o rig ina l host (13 .lg ) ,  h o st 
specificity  effectively  rem a in s th e  sam e. L ikew ise, if th e  p a ra s ite  specia tes 
a f te r  sw itching (13.1 h), th e  specificity  o f each  s is te r species is th e  sam e as 
th a t o f th e  com m on  an ces to r, assum ing  each  d au g h te r  species is u n ab le  to 
co lon ize ad d itio n a l hosts. Finally, if th e  p a ra s ite  spec ia tes  a fte r sw itching, 
th e n  goes ex tin c t on  th e  orig inal host (13 .I i) , specificity  again  rem a in s th e  
sam e as th a t on  th e  an ces tra l species.
T he d is trib u tio n  o f p a ra s ite s  am ong  h o st species is o ften  d o cu m en te d  
in  a q u a lita tiv e  sense, th a t is, w h e th e r  o r n o t a  p a ra s ite  occurs on  a given 
species o f host. Q u a lita tiv e  th ink ing  leads to  th e  e rro n e o u s  assum ption  
th a t p a ra s ite s  fo u n d  on  fo re ign  h osts a re  “s trag g le rs” th a t a re  o f little  ev o ­
lu tio n ary  significance. A s R o zsa  (1993) has  argued , how ever, s tragg lers 
m ay re p re se n t th e  in itia l (d ispersa l) s tage in h o st sw itching. A lth o u g h  m ost 
stragg lers a re  p resu m a b ly  d o o m ed , it m ay  ta k e  b u t a single b reed in g  p a ir—  
o r single in se m in a ted  (o r  asexual) fem a le— to  es tab lish  a v iab le  p o p u la tio n  
o f p a ra s ite s  on  a fo re ign  host. T hus stragg ling  m ay  be o f co n s id erab le  sig­
n ificance, p a rticu la rly  g iven th e  expanse  o f ev o lu tio n a ry  tim e o v er w hich 
re p e a te d  d ispersal ev en ts  can  ev en tu a lly  y ie ld  a successful h o st sw itch.
U n d ers ta n d in g  stragg ling  and  h o st sw itching req u ire s  a m o re  q u a n ti­
ta tiv e  co n cep t o f h o st specificity th a t is b ased  o n  la rge  scale sam pling  o f 
p a ras ite s  fro m  m any  h o st individuals. T om pkins an d  C lay ton  (1999) r e ­
cen tly  co m p ared  th e  h o st specificity  o f six species o f D ennyus  lice on  fou r 
species of B o rn e a n  C ave S w iftlets (A p o d ifo rm es: C ollocalliin i). F o r each  
species o f h o st th ey  carefu lly  rem o v e d  all th e  lice fro m  h u n d red s  o f h o st in ­
dividuals. T he study  d o cu m e n te d  a t least th re e  in stan ces o f lice th a t w ou ld  
no rm ally  be la b e le d  as stragglers, since th ey  w ere  p re se n t on  fo re ign  hosts 
a t very  low  freq u en c ies  (<  3 % ). T he study  also rev e a le d  species o f lice 
p re se n t o n  fo re ig n  h osts  a t freq u en c ies  o f 5 .3% , 8 .6% , an d  8 .9% . S hou ld  
th e se  also b e  d ee m e d  stragg lers?  W h a t rea lly  m a tte rs  is the  freq u en cy  w ith  
w hich  h o s t specific p a ra s ite s  d isperse  to  fo re ign  hosts, an d  th e  e s tab lish m en t
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ability  o f th e  p a ra s ite s  fo llow ing  d ispersal. D isp e rsa l an d  es tab lish m e n t a re  
in fluenced  by  a n u m b e r  o f v ariab les , w hich  w e co n s id er below.
Variables influencing Dispersal
D isp e rsa l is c o n s tra in e d  by th e  m orpho logy , physiology, ecology, and  
b eh a v io r  o f th e  p arasite . P a ras ite s  th a t  have lim ited  pow ers  o f d ispersal, 
such as lice, can  d isp e rse  on ly  b e tw e e n  h o s t species th a t a re  b o th  sym patric  
an d  syn top ic  (sh arin g  h a b ita t) . H o w ev er, th is d o es n o t necessarily  im ply  
th a t  ind iv iduals o f  d iffe re n t h o s t species m u st b e  in  d irec t physical co n ­
tac t. C lay  (1949) an d  T im m  (1983) p o s tu la te d  fo u r  w ays in  w hich  b ird  lice 
can  m ove b e tw e en  species o f hosts: (1) by d isp ersa l on  d e ta c h e d  fea th ers , 
(2) v ia  sh a re d  d u st baths, (3) v ia  sh a re d  n es t ho les, an d  (4) by p h o resis  on  
h ip p o b o sc id  flies.
L ice d islodged  d u rin g  d u s t b a th in g  cou ld  conceivab ly  m ove o n to  th e  
n ex t species o f  b ird  to  u se  th e  sam e du stin g  a re n a  (Clay, 1949). F o r ex ­
am ple , H o y le  (1938) p ro v id ed  a n e cd o ta l ev id en ce  suggesting  th a t lice d is­
lo d g ed  fro m  d u st b a th in g  ch ickens cou ld  en d  u p  on  h o u se  sparrow s th a t 
su b seq u en tly  du st b a th e  in  th e  sam e spots. H o w ev er, th e  hyp o th esis  th a t 
du stin g  fac ilita tes d isp e rsa l o f lice h as  n o t b ee n  rigo rously  te sted . L ikew ise, 
th e  hyp o th esis  th a t  lice d isp e rse  on  fea th e rs  has  n o t b ee n  te s te d , a lth o u g h  
an ecd o tes  o f  lice on  m o lted  w ate rfo w l fe a th e rs  d o  exist (E ich le r, 1963). 
C lay to n  (1990) p ro v id ed  ev id en ce  con cern in g  ow l lice th a t is p e r tin e n t to  
th e  sh a re d  n e s t h o le  hypo thesis. Species o f  Strigiphilus ow l lice fo u n d  on  
m o re  th a n  o n e  species o f  h o s t in v ariab ly  occu r o n  species w ith  o v erlapp ing  
ranges, h ab ita ts , an d  n e s t h ab its  (C lay to n , 1990). N est h o les  a re  a lim iting  
re so u rce  th a t, if u sed  in  ra p id  succession  by d iffe ren t species o f  b irds, m ay  
w ell p ro v id e  an  eco log ical o p p o rtu n ity  fo r  lice to  d isp e rse  b e tw e en  species.
T h e  final m eans o f  d isp ersa l co n cern s th e  ab ility  o f lice to  h itch  rides  on 
o th e r, m o re  m ob ile  species such  as h ip p o b o sc id  flies. This process, know n  
as pho resis , is suprising ly  com m on . S evera l h u n d re d  rec o rd s  of Isch n o ceran  
lice rid in g  on  h ip p o b o sc id  flies h av e  b e e n  p u b lish ed  (K eirans, 1975). T h e  
p h e n o m e n o n  can  also  b e  co m m o n  a t a local level. F o r exam ple , C o rb e t 
(1956) d o c u m e n te d  lice a tta c h e d  to  43.5 %  of th e  h ip p o b o sc id  flies rem o v ed  
fro m  a la rg e  sam p le  o f fresh ly  n e t te d  E u ro p e a n  S tarlings (Sturnus vulgaris). 
Since h ippobosc id s  a re  n o t as h o s t specific as m any  lice, th ey  m ay p ro v id e  
a m ean s o f  d isp e rsa l b e tw e en  h o st species. L ike  straggling , p h o res is  has  
o f te n  b ee n  co n s id e red  a re d  h e rr in g  o f  little  ev o lu tio n a ry  significance. W e 
suspect, ho w ev er, th a t it ac tua lly  p lays an  im p o rta n t ro le  in  th e  eco logy  
an d  ev o lu tio n  o f  lice.
V ariables in flu e n c in g  E s ta b lish m e n t
A s m ere ly  th e  first s te p  in successful co lon iza tion  o f a new  h o st species, 
d ispersa l is o f little  co n seq u en ce  if it is n o t fo llow ed  by successful es tab lish ­
m e n t o f  a b ree d in g  p o p u la tio n  o n  the  new  host. L ike d ispersal, es tab lish ­
m e n t m ay b e  in fluenced  by m any  eco logical variab les, such as th e  ab ility  o f 
the  p a ra s ite  to  rem a in  a tta c h e d  to  th e  h o st ( tenac ity ), th e  n u tritiv e  value of 
the  host, severity  o f  h o s t defense , an d  in ten sity  o f co m p e titio n  from  o th e r 
p a ras ite s  a lread y  living on  the  host.
O n e  p o w erfu l ap p ro a ch  fo r  assessing es tab lish m en t ab ility  is to  transfer 
p a ras ite s  to  a “ fo re ig n ” ho st species, th e n  co m p are  the  survival and  rep ro ­
ductive  success o f  those  p a ra s ite s  to  th a t o f para site s  tran sfe rred  to  new  
ind iv iduals o f  the  usual host. T ransfer ex p e rim en ts  have recen tly  b een  p u b ­
lished  fo r  g o p h er lice (R e e d  an d  H a fn e r , 1997) and  sw iftle t lice (Tom pkins 
an d  C lay ton , 1999). T h e  resu lts  o f  th ese  ex p e rim en ts  show  th a t lice a re  
ab le  to  surv ive an d  b ree d  on  rea so n ab ly  closely  re la ted  fo reign  hosts, bo th  
in cap tiv ity  an d  in  the  field, a t least o v er th e  course  o f sh o rt te rm  ex p e r­
im ents. T om pkins an d  C lay to n  (1999) show ed  th a t re la tive  fitness on  a 
fo re ign  h o st is h ighly co rre la te d  w ith  fe a th e r  b a rb  size. T ransfers o f lice 
to  sw iftle t hosts  th a t had  fea th e rs  > 2  m icrons d iffe ren t from  the orig inal 
h o s t resu lted  in g rea tly  red u ced  survival. W h en  tran sfe rred  to  hosts th a t 
d iffe red  on ly  slightly  in size, sw iftle t lice sh ifted  th e ir  m ic ro h ab ita t to  p re fe r  
fea th e rs  clo ser in size to  those  o f th e ir  o rig ina l host. T hese  resu lts suggest 
th a t lice on  fea th e rs  to o  d issim ilar in size m ay sim ply have tro u b le  hang ing  
on  to  th e  host.
A n o th e r  fac to r th a t cou ld  conceivab ly  b lock  host sw itching is co m p e­
titio n  from  re s id e n t lice. N o  te st o f th is hypo thesis has b ee n  ca rried  ou t, 
a lth o u g h  w e do  know  th a t p igeon  w ing an d  body  lice com pete  (fig. 13.3). 
To o u r know ledge , these  a re  the  on ly  rigo rous d a ta  re lev an t to  in te rsp e ­
cific co m p e titio n  in lice. F u rth e rm o re , we a re  unaw are  o f tests in any o th e r  
h o s t-p a ra s ite  system  des igned  to  m easu re  the  im pact o f co m p etitio n  on 
h o st sw itch ing  o r  o th e r  m a c ro ev o lu tio n a ry  even ts re lev an t to  phy logenetic  
congruence.
A  final v a riab le  th a t ap p e a rs  to  co n trib u te  substan tia lly  to  ho st speci­
ficity is ho st d e fen se  (see  below ). W ing and  bo d y  lice tran sfe rred  am ong  
species o f p igeons an d  doves have  m u ch  h igher fitnesses on  fo re ign  hosts 
hav ing  im p a ired  p ree n in g  ability, the m ain  defense  aga inst lice (unpub . 
d a ta ) . E x p e rim e n ts  w e are  cu rren tly  co nduc ting  will shed  ad d itio n a l light 
on  th e  im p o rta n ce  o f h o s t d efen se  an d  in terspecific co m p etitio n  in h o st 
sw itch ing  an d  o th e r  m a cro ev o lu tio n ary  events.
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Case Studies
A s d iscussed ea rlie r, lice a re  an exce llen t g ro u p  fo r ex p lo rin g  the  re la ­
tionsh ip  o f  eco logy  to  co ev o lu tio n ary  history. D iffe re n t g en e ra  o f lice vary 
con sid erab ly  in th e ir  d eg re e  o f co n g ru en ce  w ith  th e ir  hosts, rang ing  from  
ex tensive  co n g ru en ce  (H a fn e r  e t al., 1994) to  a lack o f co n g ru en ce  (Johnson  
e t al., in review .a.). In  ad d itio n , d iffe ren t g en e ra  o f lice d iffe r in eco log i­
cal ch arac teris tics  re le v an t to  p rocesses a ffec ting  th e  d eg re e  o f co n g ru en ce  
be tw een  host and  p a ra s ite  phylogenies. B elow  w e rev iew  fo u r case s tu d ­
ies involving g en e ra  o f  lice w ith  recen tly  pub lished  phy logen ies based  on 
D N A  sequences. R e le v a n t eco logical in fo rm a tio n  is also  ava ilab le  fo r all 
fo u r gen e ra  ( tab le  13.1).
Pocket Gophers and Geomydoecus
P o ck et g o p h ers  (R o d en tia : G eo m y id ae ) an d  th e ir  lice a re  a te x tb o o k  
exam ple  o f  coph y lo g en e tic  cong ruence. Species in th e  genus G eom ydoecus 
(Ischnocera : T rich o d ectid ae) a re  ex trem ely  h o st specific, and  o ften  d iffe r­
e n t subspecies o f  g o p h ers  h a rb o r  d iffe ren t species o f lice. P hy logene tic
T a b l e  13.1 E co lo g ica l fa c to rs  p ro m o tin g  p h y lo g e n e tic  incongruence b e tw e e n  lice an d  
th e ir  hosts. E n tr ie s  a re  re la tiv e  a s se ssm e n ts  am o n g  th e  fo u r  g e n e ra , w ith  n o  a b so lu te  
m ean in g . C a te g o rie s  a re  n o t m u tu a lly  ex clusive; se e  te x t fo r d iscu ssio n . “S y n to p y ”
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re fe rs  to  p o p u la tio n s  th a t  a re  in c lo se  ph y sica l p ro x im ity  b e c a u se  th ey  sh a re  th e  sa m e  
h a b ita t  (L in co ln  e t  al., 1982).
Geomydoecus Dennyus Columbicola Brueelia
D istribu tional factors
Sym patry  of host species1,2 - - + +
Syntopy of host species12 - + + +
H ost p opu la tions w ithou t lice3-4
(patchiness) - ■ + + ?
D ispersal to  foreign hosts1,2 - - + +
A bundance  factors
Prevalence usually low4,5 - - - +
M ean in tensity  usually low 5 - + - +
E stab lishm ent on foreign
hosts1,2
Survival + + + +
R e production + ? + ?
Increase in factor (+ ) promotes 
1 Failure to speciate 
2Host switching 
^Duplication 
4Missing the boat 
5 Extinction
T H E  E C O L O G I C A L  B A S I S  O F  C O E V O l . U T I O N A R V  H I S T O R Y 325
trees, using  m any  types o f d a ta , have b e e n  p ro d u ce d  fo r m any  species o t 
g o p h ers  an d  fo r th e ir  resp ec tiv e  p a rasitic  lice in  th e  genus Geomydoecus. 
In  ad d itio n , a g rea t d ea l is k n o w n  a b o u t th e  eco log ical details o f  th e  in ­
te ra c tio n  b e tw e e n  th e se  hosts  an d  p a ra s ite s  (rev iew ed  by  H afn er et al., 
chap. 8).
P hy logen ies b ased  o n  m ito ch o n d ria l cy to ch ro m e oxidase I (C O I) 
seq u en ces fo r 15 ta x a  o f  g o p h ers  an d  15 species o f  Geom ydoecus  show  
co n s id erab le  co n g ru en ce  (H a fn e r  e t al., 1994). M o re  d e ta iled  com parisons 
o f th e se  p hy logen ies  rev e a l 8 o u t o f  12 n o d es (67% ) in  th e  in  g roup  w ith  
p o te n tia l co sp ec ia tio n  even ts  (P age  an d  H a fn e r , 1996). This am o u n t of 
co sp ec ia tio n  is co n sid erab ly  m o re  th a n  ex p e c ted  b y  chance  a lone  (p  < .01). 
T h ese  co m p ariso n s in d ica te  th a t co sp ec ia tio n  b e tw e e n  g ophers and lice is 
w idesp read .
S evera l eco log ical p a ra m e te rs  h av e  u n d o u b te d ly  co n trib u ted  to  th e  ex ­
tensive  h is to ry  o f  co sp ec ia tio n  b e tw e en  g o p h ers  an d  lice (tab le  13.1). F irst, 
th e  d is trib u tio n  o f  th e  hosts  th em se lv es  p lays a m a jo r ro le. M ost ind iv id­
ual g o p h ers  bu ild  ex tensive  tu n n e l system s fro m  w hich th e y  exclude o th e r  
ind iv iduals o v er m ost o f th e ir  life cycle. S ym patry  o f g o p h e r species is ra re  
an d  syn topy  is even  ra re r  ( tab le  13.1). In  ad d itio n , go p h ers  have som e 
o f  th e  low est d ispersa l d istances k n o w n  fo r m am m als. Ind iv iduals ra re ly  
trav e l fa r from  th e ir  n a ta l hom es, an d  p o p u la tio n s  a re  very  patch ily  d is­
tr ib u te d . T o g e th er th e se  fac to rs  p ro v id e  little  o p p o rtu n ity  fo r  d ispersa l o f 
lice b e tw e e n  ind iv iduals o f th e  sam e ho st species, an d  ev en  less o p p o rtu ­
n ity  fo r d ispersal b e tw e e n  d iffe ren t h o s t species. Thus, o p p o rtu n itie s  for 
h o s t sw itch ing  a re  few  an d  fa r b e tw een , p ro m o tin g  co n g ru en ce  o f host and  
p a ra s ite  phylogenies.
S econd , th e  in trin sic  ab ility  o f G eom ydoecus  lice to  m ove b e tw e en  hosts 
is low. T h ese  lice a re  specia lized  fo r  clim bing  o n  th e  ha irs  o f  th e  host, bu t 
th ey  a rc  n o t very  m ob ile  o ff th e  bo d y  o f  th e  host. In  ad d itio n , d isper­
sal ro u te s  o th e r  th a n  v ertica l tran sm issio n  are  n o t k n o w n  fo r  g o p h er lice 
(a lth o u g h  a p p a ren tly  th ey  do  exist: D em a s te s  e t al., 1998; H a fn e r  e t al., 
1998). H ip p o b o sc id  flies do  n o t occu r o n  gophers, m ean in g  th a t g o p h e r lice 
ca n n o t d isperse  phoretically . T h e  low  d isp e rsa l ab ility  o f  G eom ydoecus 
th u s  m ak es h o st sw itch ing  an d  fa ilu re  to  sp ec ia te  un like ly  events.
In  co n tra s t w ith  low  d isp ersa l ability, species o f G eom ydoecus  do  seem  
to  be ab le  to  es tab lish  th em se lv es o n  fo re ig n  h o st species, a t leas t in tra n s­
fer ex p e rim en ts  in w hich no co m p e tito rs  w ere  p re se n t (R e e d  an d  H afn er, 
1997). H ow ever, lice h av e  difficulty surv iv ing  o n  hosts  th a t a re  on ly  d is­
tan tly  re la te d  to  th e ir  ow n. E s ta b lish m en t ab ility  m ay b e  re la te d  to  host 
defense . Ind iv id u a ls  o f  G eom ydoecus  h ang  on  to  h o st h a irs  using  a ro s tra l
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groove, in a d d itio n  to  th e ir  legs and  m o u th  parts. S tud ies o f  the  size o f  this 
g roove in d ica te  a close m a tch  b e tw e en  louse g roove size an d  ho st h a ir  d i­
a m e te r  (M o ran d  e t al., 2000; R e e d  e t al., 2000). This close m a tch  m ay help  
g o p h er lice avoid  b e in g  rem o v ed  by the  ho st d u rin g  g room ing . T hus, the  
ab ility  o f  lice to  es tab lish  on  fo re ign  hosts  m ay be d ic ta ted  by th e  m atch  
b e tw e en  the  size o f  th e  louse an d  the  size o f  th e  host. A lth o u g h  e s tab lish ­
m e n t m ay well b e  possib le w hen  th e  m atch  is close en o u g h , th e  inab ility  o f 
g o p h e r lice to  d isperse  is p ro b ab ly  a m a jo r  fac to r  p rev e n tin g  w id esp read  
es tab lish m en t an d  sw itch ing  to  new  hosts.
T h e  p ro b ab ility  o f  d u p lica tio n  and  so rtin g  ev en ts  also  a p p e a rs  to  b e  low 
in G eom ydoecus  b ecau se  o f  sev era l un d erly in g  eco log ical factors. V irtually  
all p o p u la tio n s  o f g o p h ers  a re  in fested  w ith  lice. T h u s gene  flow in go p h ers  
is likely  to  co rre sp o n d  to  gene  flow in lice, red u c in g  th e  possib ility  fo r 
p a ra s ite  dup lica tion . S im ilarly, n ea rly  all g o p h ers  in  a p o p u la tio n  seem  
to  have lice (high p rev a len ce), th e re b y  red u c in g  th e  risk  o f  ex tin c tio n  o r 
m issing th e  boat. F inally, th e  m e an  in tensity  o f lice on  g o p h ers  is q u ite  
high, o f ten  n u m b erin g  sev era l h u n d re d  ind iv iduals, w hich g rea tly  red u ces 
th e  risk  o f  ex tinction .
T aken  to g e th e r , these  eco log ical fac to rs  a p p e a r  to  p ro m o te  a h is to ry  o f 
co sp ec ia tio n  b e tw e en  g o p h ers  an d  G eom ydoecus. H o w ev er, th is d eg re e  o f 
co sp ec ia tio n  an d  p h y lo g en etic  co n g ru en ce  is n o t th e  n o rm , as will becom e 
ev id en t in th e  ad d itio n a l case stud ies  below.
A p o d id a e  a n d  D e n n y u s
A n o th e r  system  th a t has rece ived  scru tiny  a t b o th  th e  eco log ical and 
p h y lo g en etic  scales a re  m em b ers  o f  th e  am b ly ce ra n  louse genus Dennyus, 
w hich a re  p a ras ite s  o f sw ifts an d  sw iftlets (A ves: A p o d id a e ) . Species of 
D ennyus  a re  q u ite  h o st specific, b u t n o t to  th e  sam e d eg re e  as G eom ydoecus. 
P age e t al. (1998) co n d u c te d  a p re lim in ary  analysis o f  cy to ch ro m e b (cyt b) 
seq u en ces fo r b o th  hosts  and  parasites. H e re  w e p re se n t e x p a n d ed  r e ­
sults fo r  m o re  taxa an d  ad d itio n a l sequences. O u r  co p h y lo g en e tic  analysis 
(fig. 13.4) reco v ered  13 co sp ec ia tio n  events, w hich a re  m o re  th a n  ex p ected  
by chance  (p  < .001). A  to ta l o f  12 o u t o f 20 h o st n o d es  (60% ) w ere  as­
soc ia ted  w ith  a co sp ec ia tio n  even t. This analysis ind ica tes th a t D ennyus  
cospec ia tes ex tensively  w ith its hosts, b u t a sm alle r fra c tio n  o f  ho st n o d es 
show ed cosp ec ia tio n  th a n  fo r th e  g o p h e r -G eom ydoecus  system .
S evera l eco log ical fac to rs  can  be iden tified  th a t c o n tr ib u te  to  th is in ­
te rm e d ia te  deg ree  o f co n g ru en ce  b e tw e en  host an d  p a ra s ite  phy logen ies 
(tab le  13.1). M any  species o f sw iftle ts a re  en d em ic  to  iso la ted  ocean ic  is­
lands, a s itu a tio n  w hich obv iously  p ro v id es  th e ir  lice w ith  little  p ro sp ec t
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fo r m oving  b e tw e e n  h o st species. H o w ev er, in  som e locations u p  to  fo u r 
species o f sw iftlets m ay  be sym patric  an d  syn topic, nes ting  to g e th e r  in  
c luste rs in  caves. T he lice o n  th e se  species h av e  am ple  o p p o rtu n ity  fo r 
d isp e rsa l b e tw e en  hosts, a t least a t a low  ra te . C o llec tions o f D ennyus  lice 
from  syn top ic  species show  th a t  som e species o f lice o ccu r o n  m u ltip le  hosts 
in  th e  sam e loca tion , a lb e it a t low  in ten s ity  (T om pkins an d  C lay ton , 1999).
T h e  in trin sic  d ispersa l ab ility  o f species o f Dennyus, w hile  h ig h e r th an  
species o f G eomydoecus, is still fa irly  low. Dennyus, like  o th e r  m em b ers  o f 
th e  su b o rd e r  A m b ly cera , h av e  so m e lo c o m o to ry  cap ab ilities  w h en  o ff th e  
b o d y  o f th e  host. I t is p ro b a b ly  p ossib le  fo r ind iv idual D ennyus  species to  
craw l b e tw e e n  closely  p o s itio n ed  n es ts  in  caves w h ere  several species of 
h o s ts  co-occur. H o w ev er, p ro sp ec ts  fo r long  d is tan ce  d ispersal a re  fa r m o re  
lim ited . P h o res is  o n  h ip p o b o sc id  flies has  n ev e r b e e n  o b se rv ed  fo r Dennyus, 
n o r  fo r o th e r  species o f  lo u se  in  th e  su b o rd e r  A m b ly cera  (K eirans, 
1975).
W hile  p ro sp ec ts  fo r d isp e rsa l in  D ennyus  a re  lim ited , tfie re  is ev idence  
fo r th e  ab ility  o f  species to  es tab lish  o n  fo re ign  hosts  p ro v id ed  th ey  can  
ge t th e re . T ransfer e x p e rim en ts  by  T om pk ins an d  C lay to n  (1999) show ed  
th a t, w h en  tra n s fe rre d  to  a fo re ig n  h o st hav ing  fea th e rs  th a t a re  n o t to o  
d iffe ren t in  size from  th e  u sua l host, species o f  D ennyus  can  su rv ive on  th e  
fo re ign  host. S ince sw ifts an d  sw iftle ts have few  d efen ses aga inst lice, being  
ineffic ien t p ree n ers , th e  im p o rta n ce  o f size p ro b ab ly  re la te s  to  tenacity , th e  
ab ility  to  h an g  o n  to  th e  ho st d u rin g  flight. L ike  Geomydoecus, species of 
D ennyus  te n d  to  m a tch  th e  size o f th e ir  hosts  (fig. 13.5). H ow ever, th e  m atch  
isn ’t p e rfec t, an d  d iffe ren t su b g ro u p s o f D ennyus  a p p e a r  to  have  d iffe ren t 
lo u se -to -h o st b o d y  size ratios. T h e  ab ility  o f species o f D ennyus  to  a lte r  
th e ir  m ic ro h a b ita t p re fe re n c e s  w h en  o n  d iffe ren t sized hosts  (T om pkins 
an d  C lay ton , 1999) m ay  b e  a  fac to r  in th e ir  ab ility  to  survive o n  hosts  over 
a  re la tiv e ly  w ide size range.
P re v a le n ce  o f species o f  D ennyus  is usua lly  high (L ee  an d  C lay ton , 
1995; unpub . d a ta ) , w h ich  shou ld  m ak e  ex tin c tio n  an d  “m issing th e  b o a t” 
ev en ts  re la tiv e ly  in fre q u en t. In  g en e ra l, m ost p o p u la tio n s  o f  sw ifts and  
sw iftle ts a p p e a r  to  have lice. H o w ev er, th e re  m ay  b e  som e ab sen ces o f lice 
from  sm all p o p u la tio n s  o n  islands. F o r exam ple , lice have  n o t b ee n  found  
on  A erodram us bartshii (H aw aii) o r A . sawtelli (C o o k  Is lan d s), d esp ite  
co n c e rte d  sam pling  o f b o th  species (un p u b . d a ta ). Sm all b o d y  size m ay 
also  b e  a fac to r: no  lice have  b ee n  rec o v e red  fro m  th e  P h ilip p in e  en d em ic  
species Collocalia troglodytes (un p u b . d a ta ) , w hich, a lth o u g h  a b u n d a n t, is 
th e  sm allest b o d ie d  species o f sw iftlet. O n e  fac to r  p ro m o tin g  ex tinc tion  
o f louse  p o p u la tio n s— low  m ean  in ten sity — d o es  seem  to  b e  th e  ru le  in
Wing chord
F ig u r e  13.5 . P lo t o f  a v e ra g e  te m p le  w id th  o f  fe m a le  Dennyus sp ec ies  (in  m illim e te rs )  
ag a in s t w ing  c h o rd  le n g th  o f  h o s t sp e c ie s  (in  m illim e te rs ). In d e p e n d e n t co n tra s ts  
an a ly s is  (F e lse n s te in , 1985) o v e r  th e  D ennyus p h y to g en y  p ro d u c e s  a sign ifican t 
a s so c ia tio n  b e tw e e n  c h a n g e s  in  h o s t b o d y  size  an d  lo u se  bo d y  size (p  <  .01).
D ennyus. M ost p arasitized  h o st ind iv iduals h a rb o r  less th a n  10 ind iv idual 
lice, ow ing  to  th e  sm all bo d y  size o f sw ifts and  sw iftlets.
In  sum , o p p o rtu n itie s  and  ab ility  to  d isp e rse  b e tw e en  ho st species a re  
lim ited  fo r  species o f Dennyus, b u t do  occu r on  m e asu rab le  eco log ical tim e 
scales. Species o f D ennyus  h av e  th e  ab ility  to  es tab lish  on  a fo re ign  host, 
p ro v id ed  th a t h o s t is n o t to o  d iffe ren t in  size from  th e  usua l one. T h ese  lice 
also  exh ib it a re la tiv e ly  h igh  p rev a len c e  an d  low  intensity . T aking  these  
fac to rs  to g e th e r , w e w ould  p red ic t som e d eg re e  o f inco n g ru en ce  b e tw e en  
h o st and  p a ra s ite  phylogenies. M o reo v e r, it should  b e  possib le to  p red ic t 
from  th e  eco log ical de ta ils  w hich clades a re  th e  m ost likely o n es to  be 
in co n g ru en t.
Colum biform es and C olum bicola
A  th ird  well s tu d ied  system  consists o f species of th e  ischnoceran  louse 
genus Columbicola, w hich a re  p a ras ite s  of p igeons and  doves (Aves: 
C o lu m b ifo rm es). S tud ies o f  m any  aspects o f th e  b io logy  of Columbicola
have b ee n  co n d u c ted . In d e e d , the  species Colum bicola colum bae  is co n sid ­
e re d  th e  “w hite  r a t” o f b ird  lice (E ich le r, 1963; N elso n  an d  M urray, 1971). 
S pecies o f  Colum bicola  ran g e  from  th o se  th a t a re  co m p le te ly  h o st specific, 
to  th o se  th a t a re  p a ra sitic  on  m any  species o f  hosts  o v er a w ide geog raph ic  
a re a  (Jo h n so n  e t al., 2002).
A  phy logeny  fo r  Columbicola  has b ee n  rec o n s tru c te d  o n  th e  basis o f 
b o th  m ito ch o n d ria l (12S an d  C O I) an d  n u c lea r ( E F l - a )  D N A  sequences. 
C o m p ariso n s o f th e  Columbicola  phy logeny  to  th a t o f its p ig eo n  an d  dove 
hosts ind ica ted  e ig h t cosp ec ia tio n  ev en ts  (see chap. 11), w hich is m o re  
cosp ec ia tio n  th a n  ex p ec ted  by chance (p  < .01). O f 19 n o d es in  th e  host 
phylogeny, 7 o f  th ese  (3 7 % ) had  an  assoc ia ted  co sp ec ia tio n  even t. W hile 
cosp ec ia tio n  occurs in Columbicola, sev era l fac to rs  a p p e a r  to  b rea k  dow n 
co n g ru en ce  w ith  the  h o st phy logeny  in  th is genus.
F irst, m any  species o f p ig e o n s  an d  doves a re  sym patric  an d  syn top ic 
(tab le  13.1), w hich p ro v id es  an  o p p o rtu n ity  fo r d ispersa l b e tw e en  ho st 
species. In  ad d itio n , w id esp read  ho st species o ften  o v erla p  w ith  th e  ranges 
o f  h o s t species th a t have m o re  re s tr ic ted  d istribu tions. This p a tte rn  p rov ides 
an  o p p o rtu n ity  fo r lice to  d isp e rse  b e tw e en  a llo p a tric  species via d ispersal 
o n  m o re  w id esp read  host species, w hich m ay have co n trib u te d  to  fa ilu re  
o f th e  lice to  specia te . F o r exam ple , th e  species Colum bicola theresae o c ­
curs on  tw o w id esp read  species o f  hosts, Oena capensis and  Streptopelia 
senegalensis. In  ad d itio n , th is lo u se  occu rs o n  tw o  a llo p a tric  s is te r taxa 
having m o re  re s tr ic ted  d is tribu tions: Streptopelia capicola  (S o u th  an d  E as t 
A frica) an d  S. vinacea (su b -S ah a ra n  N o rth  A frica). P o p u la tio n s  o f n o n ­
specific lice on  w id esp read  h o st species m ay k ee p  th a t louse  species from  
d iverg ing  on  o th e r  a llo p a tric  hosts.
In a d d itio n  to  p rox im ity  o f hosts, species o f Columbicola  a p p e a r  to  
be ab le  to  ta k e  ad v an tag e  of d isp ersa l o p p o rtu n itie s . T h ere  a re  reco rd s 
o f pho resis  by species o f Colum bicola  on  h ipp o b o sc id  flies (C ouch , 1962; 
K eirans, 1975). S tud ies o f the  genetics o f p o p u la tio n s  o f Colum bicola  on  
d iffe ren t h o s t species generally  in d ica te  a lack o f  s tru c tu re , suggesting  h igh 
co n tin u o u s  cap ab ilities  fo r  d ispersa l b e tw e en  hosts  (Jo h n so n  e t al., 2002).
A lth o u g h  C olumbicola  lice can  d isp e rse  b e tw e en  h o s t species, they  still 
m ust be ab le  to  es tab lish  b ree d in g  p o p u la tio n s  on  th o se  hosts. P re lim i­
nary  tran sfe r  ex p e rim en ts  to  b irds w hose p ree n in g  ab ility  is im p a ired  show  
th a t p ig eo n  w ing lice (C olum bicola colum bae) m ay be ab le  to  es tab lish  
on  fo re ign  hosts. S evera l h u n d re d  C. colum bae  h ave b ee n  rec o v e red  from  
M o u rn in g  D oves and  C o m m o n  G ro u n d  D o v es fo u r m o n th s  a f te r  being  
“se e d e d ” w ith  50 lice (un p u b . d a ta ) . T h ese  resu lts  a re  no tew orthy , p a r tic u ­
larly  given th a t C o m m o n  G ro u n d  D o v es a re  an  o rd e r  o f  m a g n itu d e  sm alle r
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F i g u r e  13.6. Plot of average metathoracic width of female Columbicola species 
(in micrometers) against In body mass (in grams) of Columbiform host specics (body 
mass is significantly correlated with feather barb size; unpub. data). Independent 
contrasts analysis (Felsenstein, 1985) of these data over the Columbicola phylogeny 
produces a significant association between changes in louse body size and host body 
size (p  =  0 .001).
than Feral Pigeons. With host defense in place, however, Columbicola may 
not be able to establish over such a broad range of host body size.
Evidence consistent with some limitation to acceptable host body size 
comes from comparisons of parasite to host body sizes (fig. 13.6), which 
show a somewhat tighter relationship than in Dennyus. This match between 
parasite and host body size may be related to the mechanism Columbicola 
uses to escape from host preening defense. When exposed to preening, 
individuals of Columbicola insert themselves between the barbs of the wing 
feathers for protection (fig. 13.7). The size of individual Columbicola must 
therefore approximate the size of the interbarb space in order to prevent 
being removed by preening. Columbicola can probably establish on foreign 
hosts provided those hosts are not too different in body size from the 
usual host. This establishment ability, combined with the dispersal ability 
of Columbicola, makes it possible for the members of this genus to move 
between host species, thereby increasing the probability of host switching 
and failure to speciate events.
In addition to the ability to move between host species, the popula­
tion structure of Columbicola makes them somewhat prone to duplication
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Figure 13.7 . SEM of Columbicola inserting between feather barbs. IS =  interbarb 
space (see text).
and missing the boat events, but makes them unlikely to experience an 
extinction event. Species of Columbicola can often have patchy distribu­
tions, possibly resulting from climatic factors. For example, several species 
of Columbicola are almost completely absent from doves in arid Arizona, 
while these same species on the same hosts are abundant in the humid cli­
mate of southern Texas (Moyer et al., 2002). These gaps in the geographic 
distribution of parasites increase the probability of duplication and missing 
the boat. On the other hand, species of Columbicola can often have a high 
prevalence (80%) and high intensity (50-100 lice per host), making extinc­
tion unlikely. Together these factors appear to generate an intermediate 
level of congruence between host and parasite phylogenies (chap. 11).
Birds and Brueelia
As a final case study, we consider the avian ischnoceran louse genus 
Brueelia, which is known from four orders of birds: Passeriformes 
(songbirds), Coraciiformes (kingfishers, bee eaters, and rollers), Piciformes 
(barbets and woodpeckers), and Trogoniformes (trogons). Based on cur­
rent taxonomy, species of Brueelia appear to be quite host specific. While 
ecological interactions between Brueelia and their hosts are not as well 
studied as in the previous three examples, enough is known to make mean­
ingful comparisons.
The phylogeny of 15 species in the louse genus Brueelia was recon­
structed by Johnson et al. (in review.a.) on the basis of nuclear E F l-a  
and mitochondrial COIDNA sequences. The phylogeny of Brueelia, when
compared with that of their avian hosts (fig. 13.8), indicates only seven 
cospeciation events, well within the number expected by chance alone 
(p =  .25). Only 5 of 24 (20%) nodes in the host tree have a cospeciation 
event associated with them. Thus, despite fairly high host specificity, there 
is very little evidence of cospeciation between species of Brueelia and their 
hosts. Several aspects of the ecology of Brueelia suggest a basis for the lack 
of phylogenetic congruence between this genus of lice and their hosts.
First, opportunities for host switching and failure to speciate are high. 
Many species of passerines (often >100) co-occur in the same geographic 
region, and many of these co-occur in the same habitat. In addition, many 
species of passerines and nearly all the nonpasserine hosts of Brueelia nest 
in holes. Competition for holes is high among species of birds, and inter­
specific takeovers of hole nests often occur (Merila and Wiggins, 1995). 
Johnson et al. (unpub.) found that species that nest in holes often share 
species of Brueelia. The possibilities for short-term survival of Brueelia off 
the host are high (Dumbacher. 1999), and takeovers of nests provide an 
opportunity for dispersal to a new host species.
In addition to the sympatry and syntopy of many hosts of Brueelia, the 
lice themselves seem to be excellent dispersers, at least via phoresis on 
hippoboscid flies. In fact, about 80% of the nearly 350 records of phoresis 
summarized by Keirans (1975) involve passerine lice. Of these, the major­
ity are Brueelia and the closely related Sturnidoecus, with most of the re­
maining records involving Philopterus (the other major genus of passerine 
ischnoceran louse). While little is known about the establishment ability of 
Brueelia, some species are found on multiple host families (Johnson et al., 
unpub.). In addition, Clay (1951) describes Brueelia as a generalist louse in 
relation to its habitat on the host’s body. Taken together these factors sug­
gest high potential for host switching and failure to speciate, which would 
break down congruence between host and parasite phylogenies.
In addition to dispersal opportunities and abilities, several factors pro­
moting duplication and sorting events are also evident in Brueelia. The sin­
gle population level study of Brueelia to date (Clayton, Price, and Peterson, 
in prep.) reveals localities where Brueelia is absent. Such patchiness could 
lead to duplication and missing the boat events. While the extent of dis­
tributional patchiness in most species of Brueelia is unclear, patterns in 
prevalence and intensity are well documented. Prevalence of species of 
Brueelia tends to be low (< 10%) (Clayton et al., 1992; Hahn et al., 2000). 
Low prevalence increases the chance of missing the boat and extinction 
events. In addition to their low prevalence, the intensity of Brueelia is also 
often rather low (< 1 0  lice) (Clayton et al., 1992; Hahn et al., 2000). These
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low intensities increase the chance of extinction. In summary, nearly all 
aspects of the biology of Brueelia (table 13.1) appear to favor events that 
reduce congruence between host and parasite phylogenies.
C onclusions
The ecological basis of coevolutionary history is discernible, as illustrated 
by the four case studies compared above. Lice having phylogenies that are 
more congruent with their host phylogeny tend to have fewer factors that 
promote failure to speciate, host switching, duplication, missing the boat, 
and/or extinction. As factors responsible for these events become more 
common, congruence declines. This is not to say, however, that the factors 
set out in table 13.1 are sufficient to explain all patterns of host-parasite 
coevolutionary history. For example, rare events, such as dispersal, can be 
extremely important over long periods of evolutionary time, even though 
they may be difficult or impossible to measure in ecological time.
A case in point is rock wallabies (Marsupialia: Macropodidae) and their 
lice (Amblycera: Heterodoxus). Several allopatric species of rock wallabies 
are found along the east coast of Australia. One might expect to find a differ­
ent species of Heterodoxus on each of these species of wallabies. However, 
this is not the case. A single species of wallaby often harbors more than 
one species of Heterodoxus, even though individual wallabies seldom have 
more than one species of louse (Barker, 1991). The geographic distribu­
tion of a single species of Heterodoxus often spans the boundary between 
host species, although it seldom spans the entire range of both hosts. Not 
surprisingly, the phylogenies of rock wallabies and their lice show little 
congruence (Barker, 1991; Barker et al., 1992). These geographic patterns 
suggest that the lice are capable of dispersing between host species, but that 
they are not necessarily capable of dispersing among all the populations 
within a given host species. What’s going on? The probable explanation is 
suggested by the fact that rock wallabies live in small groups on rock out­
crops that are often separated by many miles of unsuitable habitat. Thus, 
wallaby populations are effectively patchier within species than between 
species. In addition to representing uneven dispersal opportunities for lice, 
such distributions favor parasite duplication, which further reduces the ex­
tent of host-parasite congruence. As additional case studies accumulate, 
more ecological factors will undoubtedly be found to have an influence on 
coevolutionary history.
Although caution is advised when drawing conclusions about coevo­
lutionary history from studies of extant species, valid generalizations can
still be made. For example, the case studies outlined above suggest that 
dispersal is a more fundamental barrier to host switching among related 
hosts than is establishment. Transfer experiments show that host-specific 
parasites can survive on foreign hosts that are phenotypically similar to 
the usual host, so long as the parasites can get to these hosts. However, 
opportunities for dispersal appear quite limited in some systems, such as 
pocket gophers and their lice. To date, studies of parasite dispersal have 
been mainly inferential. A better understanding of the role of dispersal will 
require more direct data on dispersal frequency and distances.
Although limitations to dispersal are clearly important in maintaining 
the specificity of parasites among related hosts, limitations to establish­
ment appear to be important in maintaining the specificity of parasites 
among unrelated hosts. Data regarding the lice on brood parasitic birds 
are informative in this regard, since they represent a kind of “natural” 
dispersal experiment. Brood parasites lay their eggs in the nests of other 
species, which are then tricked into rearing the young of the brood para­
sites. Recent studies of lice on brood parasitic cuckoos and cowbirds show 
that lice disperse from foster species to nestling brood parasites. Although 
these foster species of lice survive on the brood parasites in the short term, 
there is little evidence for long term establishment (de L. Brooke and 
Nakamura, 1998; Lindholm et al., 1998; Hahn et al., 2000). Among other 
things, these results suggest a major shortcoming of transfer experiments— 
they may not be of sufficient duration to simulate what actually happens 
under natural conditions. For example, Hahn et al. (2000) recovered nearly 
as many species office from cowbird fledglings (n — 11) as they did from all 
30 foster species combined at their study site. However, they recovered only
5 species of lice from adult cowbirds, which is about the number expected 
for a bird of this size and sampling effort (Clayton and Johnson, 2001).
Although Hahn et al. (2000) concluded that limitations to dispersal are 
the fundamental factor maintaining the host specificity of lice, their results 
actually indicate the opposite: limitations to establishment have been the 
most important factor. If dispersal governed specificity, then adult brood 
parasites should have thriving populations of most of the lice that are found 
on juvenile brood parasites (the same ones found on the foster species). 
Like most birds, however, brood parasites appear to have their own host 
specific lice, despite continually being exposed to lice from other species. 
In this case, limitations to establishment must be the reason.
Indeed, limitations to establishment are the basis for the phenomenon 
known as “resource tracking,” in which parasites occur on hosts that share 
some critical resource, such as feather size, rather than being confined to
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hosts that have descended from a common ancestor, which we will call 
“phylctic tracking.” If the distribution of the resource being tracked is in­
dependent of host phylogeny, and if parasites are able to disperse broadly 
among hosts, then there will be little congruence between host and parasite 
phylogenies (Kethley and Johnston, 1975). On the other hand, if dispersal 
opportunities are severely limited, and/or the resource being tracked is cor­
related with host phylogeny, then congruence is expected. Thus, resource 
tracking and phyletic tracking make opposing predictions only when the 
resource being tracked is not correlated with the host phylogeny. However, 
the similarity of many resources on related hosts means that resource track­
ing may often increase congruence. In other words, phyletic tracking and 
resource tracking are both processes that can contribute to phylogenetic 
congrucncc.
To conclude, this chapter has merely scratched the surface of the po­
tential for synergy between ecological and cophylogenetiastudies. As ad­
ditional data sets become available (e.g., Paterson et al., 2000) we will be 
able to conduct these analyses in a more comprehensive way. The phyloge­
nies and ecological interface for most coevolving species remain largely a 
mystery. It is our hope that this chapter has served to convince the reader 
of the potential for improving our understanding of coevolutionary history 
by continuing to extrapolate backwards from data on the ecology of extant 
species.
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